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INTRODUCTION 
The purpose of this work is to study the equilibrium diagrams of the 
systems, benzene-toluene and benzene-ethylbenzene. The method employed is 
the investigation of cooling curves of binary mixtures of these sUbstances. 
The equilibrium diagrams are then constructed from the data determined from 
the cooling curves. 
-1-
--
I. REVIEW OF LITERATURE 
A search of the literature reveals no information on the equilibrium 
diagrams of the systems benzene-toluene and benzene-ethylbenzene. Kramer (1) 
and Richiardi (2) have investigated the equilibrium diagrams of other binary 
systems of benzene and mono-substituted benzenes. The information contained 
in their papers is the only data available related to this problem. 
Methods available tor the investigation of equilibrium diagrams in 
general are given in standard works on the subject of the phase rule, such as 
those by Findlay (3) and Bowden (4). However, the published information on 
the technique required relates primarily to systems in which freezing points 
of the components and equilibium temperatures are not below room temperature, 
so that air can be used as cooling medium. Kramer and Richiardi, in the work 
previously cited, have developed methods for determining equilibrium. tempera-
tures in samples which solidify at low temperatures, using dry ice-acetone 
mixtures as coolant. In the present work, the same method was used in deter-
mining equilibrium tanperatures within the range of the dry ice-acetone bath 
(the minimum temperature obtained with dry ice-acetone baths is about -78°0.) • 
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II. APPARATOB AND ITS CALIBRATION 
The apparatus used consisted of a cooling bath for lowering the tempera-
ture of the sample, and a thermocouple pyrometer system for determining the 
temperature of the sample as it is cooled. 
For samples which begin to solidify above approximately -65°C., a cooling 
bath of acetone and dry ice was used. This cooling bath was contained in a 
beaker which was insulated with heavy layers of cotton to reduce rate of heat 
exchange w1 th surroundings to a minimum.. For samples which do not solidity 
within the range of dry ice-acetone mixtures, liquid air was used as coolant. 
Because of the necessity of protecting this substance from heat, it was con-
tained in a Dewar flask. 
To prevent excessively rapid cooling of the sample in the bath, the test i 
tube containing the sample was placed in a larger tube before insertion into 
the bath. In practice it was found desirable to use an outer tube or jacket 
considerably larger than the sample tube, and to use rings of cork to hold 
the sample tube approximately centered in the jacket. A spiral of Nichrome 
wire was inserted into the sample, and agitated up and down during the test 
to keep the sample well mixed. 
A copper-constantan thermocouple system was used, both thermocouple 
junctions being silver soldered. One thermocouple junction was placed in a 
reference constant-temperature bath, the other in the sample being cooled. 
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The electromotive force generated in the system was measured on a Brown Pyro-
meter, essentially a millivoltmeter with a range of 3.8 millivolts and an 
arbitrary scale of 100 units. Boiling tetrachloride, under reflux, was used 
as reference constant temperature bath in conjunction with the dry ice cooli 
bath, and a freezing mixture of ice and water was used in conjunction with th 
liquid air cooling bath. 
The them.ocouple pyrometer was calibrated by determining the freezing 
points, as indicated on the pyrometer scale, of various pure substances. 
Plotting the known freezing points of these substances, as ordinates, against 
the observed freezing points in scale units, as abscissae, gives a calibra-
tion curve by means of which an::y reading on the pyrometer can be translated 
into degrees centigrade. The materials used as calibration standards were 
carefully purified by distillation. The substances used in calibrating the 
pyrometer are given in the following table: 
Substance 
Benzene 
Water 
Carbon Tetrachloride 
Chloroform 
Toluene 
Ethyl Bromide 
Freezing Point (Degrees Centigrade) 
5-5 
o.o 
-22.6 
-63.5 
-92.0 
-117.8 
In practice it was found that there were minor variations in the cali-
bration of the instrument during the period of work. (A possible explanatio 
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of this lies in the tact that the thermocouple junctions had to be re-solderEd 
at times, which both substituted a new junction and shortened the lead wires. 1 
In addition, the temperature range of the instrument was intentionally shiftal 
on more than one occasion. For these reasons, it was found desirable to cali-
brate the instrument before use every working :period; and in the data :presenre 
in the following sections, calibration data and calibration curves will be 
found accompanying their respective cooling curve data and cooling curves. 
III. PROCEDURE AND TECBNIQ.UE 
To determine the solid-liquid equilibrium point of a mixture ar given 
composition, it is necessary to run a "cooling curve" on the sample. In this 
procedure, a tube containing the mixture is placed in the cooling bath, with 
a stirring device to insure uniform temperature throughout the mixture during 
the test, and a thermocouple junction to measure the temperature of the mix-
ture. The sample in the tube is then cooled and the temperature of the sam-
ple, as indicated on the thermocouple pyrometer, is recorded at intervals of 
15 seconds. The sample is cooled until after the appearance of a solid 
phase. The temperature readings are then plotted, as ordinates, with time as 
abscissae, giving the cooling curve for the sample. The point at which the 
appearance of a solid phase began can be determined by inspection of the cool-
ing curve. In the case of a pure substance, the rate of cooling {that is, 
the slope of the cooling curve) varies continuously and uniformly until solidir-
fication begins, at which point the temperature will remain constant until 
the solidification is complete. In the case of mixtures, there is a decrease 
in the rate of cooling when the solid phase first appears, caused by the 
evolution of the latent heat of fusion as the phase forms. This point can be 
observed as a pronounced "break" in the cooling curve, and the ordinate of 
that point represents the temperature at which a liquid of that composition 
is in equilibrium with solid. This is loosely spoken of as the "freezing 
-6-
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point" of such a mixture. 
If the components of the system are substantially immiscible in the 
solid state, and form no coapounds, the solid phase which first appears will 
be one of the pure components, and it will appear, generally, at a temperature 
below the freezing point of the pure component. At a certain composition, 
the solid phase which separates out is a mixture of the two pure components, 
and the temperature at which this solid mixture forms is a constant for a 
given system. It is known as the eutectic point of the system, and is the 
lowest freezing point for any mixture w1 thin the system. It is the tempera-
ture at which both solid phases are in equilibrium with liquid. As a mix-
ture of any composition within the system is cooled below the first appearance 
of solid, the pure solid component will continue to form and the liquid which 
is in equilibrium with the solid will become progressively poorer in that 
component until it reaches the eutectic composition and temperature. It will 
then solidify as the eutectic. The eutectic temperature can, therefore, be 
determined by continuiDg the cooling of any mixture within the system, below 
the appearance of the first solid phase, and until the temperature of the 
mixture remains constant. In practice, supercooling below the eutectic tem-
perature frequently occurs, and the eutectic temperature is then indicated 
by a rise in the temperature of the mixture. In theory this should rise to 
the eutectic temperature, where it may or may not remain constant for an ap-
preciable interval, but if the supercooling is considerable the latent heat 
evolved in solidification of the eutectic may not be sufficient to raise the 
temperature to the eutectic point. 
If the equilibrium points for a series of such binary mixtures are 
-
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plotted as ordinates, against composition as abscissae, the graph thus farmed 
is known as the "equilibriUlll diagram" of the system, or commonly as the 
"phase diagram". It indicates what phases compose the system at equilibrium. 
under any given conditions of temperature and for any composition. 
In this work, binary mixtures were prepared by weighing the desired 
quantity of toluene or ethylbenzene (the less volatile component in either 
system) into a tared weighing bottle, the quantity of liquid being roughly 
measured from a graduated pipette. The desired quantity of benzene was then 
added, and the weight again determined. The weighing bottle was covered ex-
cept during actual additions of either component. A portion of the sample 
was then transferred to the sample tube for cooling, placed in the cooling 
bath with the thermocouple junction and stirrer, and the cooling curve de-
termined. All samples were prepared innn.ediately before use to minimize 
evaporation losses. 
In running the cooling curves, several precautions were found necessary. 
First, stirring of the mixture must be vigorous and continuous in order to 
avoid thermal gradients in the sample, so that the thermocouple pyrometer 
will truly represent the temperature thro~hout the sample at all times. 
Second, the pyrometer must be lightly tapped to overcome the inertia of the 
moving system and prevent sticking of the needle. On the other hand, excessi~ 
jarring disturbs the calibration of the instrument. 
IV. OBSERVATIONS ON TEE SYSTEM, B.ENZENE-TOLUENE 
The following series of tables and graphs present the observations made 
on the benzene-toluene system. Table IV-1 gives the compositions of the mix-
tures prepared in this system. Tables IV-2 and following present the calibra-
tion data for the thermocouple pyrometer, and the pyrometer readings for each 
group of samples. These data are plotted in the group of illustrations which 
follow. 
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T.ABLE IV - 1 
COMPOSITION OF SAMPLES. BENZENE-TOLUENE SYSTJ!M 
Weight Weight Total Percent Percent 
Sam:ple of Toluene ot Benzene Weight Toluene Benzene 
T-22 0.3831 g 7·5701 g 7·9532 g 4.819 95.196 
T-23 0.8571 7.9238 8.7809 9-761 90.232 
T-25 1.34~ 7·3051 8.6527 15-574 84-424 
T-26 1.7778 7.2183 8.9961 19.761 80.238 
T-27 2.1730 6.4939 8.6669 25.07 74·93 
T-28 2.7699 6.0421 8.8120 31.43 68.57 
T-29 3-0981 5.6928 8.7909 35·24 64.76 
T-30 3·3589 5-3397 8.6986 38.61 61.39 
T-31 3-8351 4.8892 8.7243 43-96 56.04 
T-32 4.5016 4·3982 8.8998 50.58 49·42 
T-33 4-7658 3-9384 8.7042 54·75 45.25 
T-34 5.1824 3·7425 8.9249 58.07 41-93 
T-35 5.5865 3.1574 8.7439 63.$9 )6.ll 
T-)6 6.0217 2.6272 8.6489 69.62 30.38 
T-37 6.5565 2.)6ll 8.9176 73·52 26.48 
T-38 7.0686 1.9833 9.0519 78.09 21.91 
T-41 7·4381 1.3522 8.7903 84.62 15.38 
T-42 7.8681 0.7679 8.6)60 9l.ll 8.89 
T-43 8.2624 0.3742 8.6)66 95.67 4·33 
T-44 6.9750 1,8969 8.8719 78.62 21.38 
T-45 7.0o67 1.7153 8.7220 80.31 19.67 
T-ith 7.5204 1.0951 8.6155 87.39 12.71 
' .0.-"-'l""'.,.""""'~-.. ~-... .,..._.,~-•-~"''-""'"''"""'~-'•v-· _....,~,, • 
,.-
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TABLE IV - 2 
COOLIID CURVES, SAMPLEs T-22, 23. 25, and 26, inclusive 
1-
Calibration: F. P. (°C) F.P. (Scale Units} 
Benzene 
-t 5·5 4f:,.2 
Carbon Tetrachloride -22.6 65.1 
Chloroform. 
-63.5 88.5 
Sample T-22 T-23 T-25 T-26 
-
36-5 36.2 41·7 49-0 
38.0 37.0 44·8 53-0 
42·5 37-9 49-2 56.2 
Temperatures 44.0 43-0 54·0 57.0 (Scale Units} 45·5 44·4 55-0 57-8 
at 15 second 46-3 45·7 55·7 58-7 
intervals. 47-0 46·7 56.2 59-4 
47-1 47-1 60.2 
47.2 51.6 
51.9 
52.1 
52-3 
Freezing 
Point 
(Scale Units} 47-0 51.6 54-0 56.2 
Freezing 
Point 
(oc} 4-2 - 2.5 - 6.1 - 9-5 
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T.ABLE IV - 3 
COOLIID CURVES, SAMPLES T-27 - 35, inclusive 
calibration: F. P. (°C) F. P. (Scale Units) 
Benzene 
"' 5·5 46.0 
Carbon Tetrachloride -22.6 63.8 
Chloroform -63.5 87.0 
Sample T-27 ~ T-29 T-30 
42.0 43-0 46.8 45·2 
45·3 45-2 51.0 47·3 
47·5 47-2 55.6 52-7 
Temperatmes 54·0 53·0 58.9 55.2 (Scale Units) 56-7 56.0 61.4 58.0 
at 15 second 57.2 58.9 62.1 60.3 
intervals 58.2 60.1 63.1 62.6# 
59.2 60.7 64.1 63.2 
60.3 61.7 65.3 64.0 
61.7 62.4 66.7 63.8 
62.4 63.2 67.8 64-7 
63.2 64.2 69.3 65.6 
64.1 66.5 
64.8 66.5 
66.0 68.2 
66.9 
67.8 
69.3 
Freezing 
Point 
(Scale Units) 56-7 59·3 61.1 63.2 
Freezing 
Point (oC) 
-11.2 -15-3 -18.1 -21.3 
#Intermediate point (maximum) 
,- -~3-
TABLE IV -3 
(Continued) 
Sample T-31 T-32 1:..ll .!:..2lt !::.22. 
53-2 59-5 58.8 55.8 54·5 
55.2 62.4 60.8 59.1 58.2 
56.8 65.5 62.8 62.0 60.8 
58.5 68.2 64.8 64.5 63.3 
Temperatures 60.0 69.8 67.1 66.8 65.8 
(Seale Units) 61.1 71-2 69.3 69.0 68.0 
at 15 second 62.3 72-5 71-2 71.0 69.9 
intervals 63.2 73·7 72.0 72.7 71·3 
64.2 72.8 74-2 73-0 
65.1 73·7 75-2# 74-0 65.8 74·3 74·9 75.2 
65.3 75.2 76.2 
6$.8 75.8 77.0 
66.0 76-4 77-7 
66.3 77.2 78.1 
66.5 77-9 78.1 
78-5 
78.8 
78.9 
79-1 
79·4 
79·7 
Freezing 
Point 
(Scale Units) 65.3 68.3 70.8 74-4 78.1 
Freezing 
Point 
(oC) 
-25.0 -30.1 
-34·5 -41.0 -47-6 
#Intermediate point (maximum) 
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TABLE IV- 4 
COOLING CURVES, SAMPLES T-36 - 38, inclusive 
1-
calibration: F. P. {°C) F. P. ~Scale Units) 
Benzene f 5·5 46-7 
Carbon Tetrachloride -22.6 65-3 
Chloroform 
-63-5 89.0 
Sample !.:22. !=11 T-38 
68.8 67.2 79-8 
' 71-2 69.7 81.) 
74-0 72.5 83.0 
76.0 74·7 84.2 
Temperatures 77·8 76.5 85.2 
(Scale Units) 79·2 78.2 86.3 
at 15 second 80.7 80.0 87.2 
intervals 82.0 81.7 88.1 
83.7 82.9 88.8 
84-5 84.0 89-3 
85.7 85.1 90.0 
86.0 86.0 90-3 
86.3 86.8 90-7 
86.6 87-7 91.2 
86.9 88.2 91.6 
87.2 88.8 91-9 
89.0 92.2 
89.2 92·4 
89.7 92.6 
90.0 92.8 
93-0 
93-0 
93-0 
93-0 
93-0 
93-0 
Freezing 
Point 
(Scale Units) 85-7 88.8 93.0 
Freezing 
Point 
(o C) 
-58.1 -63.4 
-70.8 
~·r 
I 
0 
""75 
2 
-• 0 
0 
........ 
$bALE UNITS 
l 
CAiriBllATION CUil'ITE 
sA•,1f'LP1s ·'r • 36 to 40 
1 
+ 
70: 
COOLING CURVES . 
S.Mr'IPLES T-36 to 38 
Time: 10 small divisions / ndnute 
,-
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TABLE IV -5 
COOLIID CURVES, SAMPLES T-41, 42-_ 
calibration: F. P. ~°C) F. P. (Scale Units) 
Water o.o o.o 
Chloroform -63.5 )6.2 
Toluene -92.0 53·3 
Ethyl Bromide -117.8 68.0 
Sample 
.!:l.t! T-42 
44-2 42.0 59-9 67.0 
45-8 44·5 60.0 67.2 
47·7 45-8 60.2 66.2 
50.2 47·3 60.8 62.0 
Temperatures 52.2 48.1 61.2 61.8 
(Scale Units) 53-2 50-4 61.8 62.2 
at 15 second 54-4 51·9 62.2 63.1 
intervals 55.8 52.8 62.3 64.0 
56.9 53.8 62.8 66.1 
58.1 54·8 63.0 67.0 
59-0 55.6 63.8 68.7 
60.1 56.2 64.0 69.8 
61.0 56.8 64.8 n.o 
61.6 57·4 65.6 '71·8 
62.0 58.3 66.2 74·0 
62.4 59·3 66.8 
Freezing 
Point 
(Scale Units 52 • .2 59·9 
Freezing 
Point (oC) 
-90-5 -104.0 
Eutectic Temp. 
(Sclae Units) 
-
61.8 
Eutectic Temp. ( oc) 
-
-107.2 
j ~ 
: 
... C.ALilml.TIOH C\JRVE. 
S.A;,!Pf_.E$ T- 41 & 42 
•100 
0 
SCALE UNITS l 
.. 0 
" 
'l'in1e: 10 small divbions / milllte 
COOLING CURVES 
SAMPLES T - 41 and 42 
,.--
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T.ABLE IV - 6 
COOLII'& CORVES, SAMPLE T-43 
palibration: F. P. (°C) F. P. (Scale Units) 
Water o.o 1.0 
Carbon Tetrachloride -22.6 14.8 
Chloroform. 
-63.5 37-2 
Toluene -92.0 55-2 
Ethyl Bromide -117.8 66.0 
~ample !:lt.2. 
51.8 
53-0 
54-1 
55.2 
T'emperatures 56.3 
(Scale Units) 57.2 
F:tt 15 second 58.1 
~ntervals 59.0 
59.8 
60.2 
56.7 
56.1 
56.2 
56.2 
56-3 
56.6 
56·9 
57.2 
58.0 
58.8 
6o.o 
61.2 
63.0 
~reezing Freezing 
Point Point 
(Scale Units) 56.1 (oc) 
-94·0 
-50 
-75 
-100 
0 
-. 
. 
0 
0 
-
~ 
ct 
p:;' 
(lit 
~ 
>"·> 
1!4 
E-< 
SCA)..E UNITS 
CALIBR~TION CURlE 
i S'».WLE: T -~ ~, 
7~ 
55 
6; 
COOLING CURVE 
SA!.!PLE T "'" 143 
Tim&: 10 small divisions minute 
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TABLE IV- 7 
OOOLIW CORVll, SAMPLE T-45 
Calibration: F. P. (0 0) F. P. (Scale Units) 
Water o.o 0.2 
Ohlorof'on:n 
-63-5 37.0 
Toluene -92.0 53.8 
Ethyl Bromide -ll7.8 64.2 
Sample ~ 
34·7 59-0 
37·0 59·3 
37.8 60.0 
38.6 60.3 
Temperatures 42-7 60.9 (Scale Units) 43.8 61.3 
at 15 second 44·4 61.8 
intervals 45.6 62.1 
46-9 62.4 
47-2 62.7 
47-8 -
48.0 61.2 
52.0 60.7 
53.1 60.2 
54-1 60.1 
54-9 60.3 
55.6 61.0 
56.2 61.8 
57·0 63.0 
57-8 64.2 
58.1 65.3 
Eutectic Temp. 
(Scale Units) 60.1 
Eutectic Tamp. 
(OC) 
-107·7 
0 
-50 
.. 75 
-• 0 
0 
.....,. 
-100 
1SCA~ UNITS 
5 
CALIBR~TION CURVE 
SA11PLE T 45 
55 ~· ~ 
b 
~ p... 
Time: lO small 
6e- · enviSions/minute 
COOLING CURVE 
S!MI?LE 'l!* 45 
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T.ABLE IV - 8 
COOLIID CURVE, SAMPLE T-4_6 
Calibration: F. P. {°C) F. P. (ScaleUnits) 
Water o.o 16.6 
Ch1orotorm. 
-63-5 54·0 
Toluene 
-92.0 70.0 
Ethyl Bromide -117.8 80.8 
Sample ~ 
61.5 77·5 
63.2 77-9 
64-7 78.7 
65.9 79.0 
Temperatures 67.2 79·5 (Scale Units) 68.6 79·8 
at 15 second 69.7 80.0 
intervals 70.8 79-0 
71-7 76.6 
72.5 76.4 
73.6 76.7 
74-5 77·3 
75.1 78.2 
75·9 79.0 
76.5 80.2 
76.9 
Freezing Point 
(Scale Units) 75.2 
Freezing Point (OC) 
-104.5 
Eutectic Temp. 
(Scale Units) 76-4 
Eutectic Temp. (oc) 
-107.1 
-• 0 
0 
......., 
---100 
'· -··· CJ.L!:BEAT(rDN Cti'RVE 
. SAMPLE !r -46 
i SCAl.E UNITS 
:lfo 50 
COOLING CURVE 
SAi:.c!PLE T * 46 
' T. 
-~ 
I 
i 
Time: 10 small divisions / minute ~------~~~~~~~~~~-~~~------------------------------
-V. OBSERVATIONS ON THE SYSTEM BENZENE-EI'HYLBENZENE 
The tables and graphs which follow contain the observations made on the 
benzene-ethylbenzene system. Table V-1 gives the compositions of' the mix-
tures prepared in this system. Tables V-2 and following give the calibration 
points for the thermocouple pyrometer and the temperature observations on the 
pyrometer for the corresponding groups of' samples. These data are plotted 
in the group of' graphs which follow the tables. 
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TABLE V- 1 
COMPOSITION OF SAMPLES, BENZENE-EB.TYLBENZENE SYSTDA 
Weight of Weight Total Percent Percent 
Sample Ethylbenzene of Benzene Weight Ethylbenzene Benzene 
E-1 0.4886 g 8.5651 g 9-0537 g 5-40 94.60 
E-3 1.3231 7.9850 9·3081 14.21 85.78 
E-4 1.8032 7-o67l 8.8703 20.32 79.67 
E-5 2.2265 6.7J..29 8.9694 24.82 75-17 
E-6 2.6236 6.1794 8.8030 29.80 70.20 
E-7 3.0985 5.8205 8.9190 34-74 65.26 
E-8 3·5021 5-3056 8.8077 39.76 60.24 
E-9 3·9816 5·o640 9-0456 44.02 55·98 
E-10 4-2708 4·4237 8.6945 49.13 50.88 
E-ll 4.6695 3·9445 8.6140 54-21 45·79 
E-12 5.2883 3-5265 8.8148 59-99 40.01 
E-13 5-7334 3.0040 8.7374 65.62 34-39 
E-14 6.3094 2.8353 9-1447 69.00 31.01 
E-17 7-8795 0.8510 8.7305 90.25 9-75 
E-19 8.3393 0.4962 8.8355 94-.38 5.62 
E-20 7-3248 1.5293 8.8541 82.73 17.27 
E-21 7·5578 1.1160 8.6738 87.13 12.87 
E-22 7.8041 0.8803 8.6844 89.86 10.14 
r--
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T.ABLE V - 2 
COOLIN} CURVE • s.AMPI.E E-1 
~ 
calibration: F. P. (°C) F. P. (Scale Units) 
Benzene 5·5 45.2 
Water o.o 50·4 
Carbon Tetrachloride -22.6 64.2 
Sample E-1 E-1 
-
38.0 37.2 
44-6 42·7 
Temperatures 47-0 47.0 
(Scale Units) 47-2 47-2 
at 15 second 47·4 47·3 
intervals 47-4 51.0 
47-7 
Freezing 
Point 
(Scale Units) 46.8 46-9 
Freezing 
Point 
(oC) 4-0 3·9 
CALIBRATION .ctm'VE . 
-
. 
--50 0 0 
..._, 
f;ij § 
1:-\ ~ 
f;ij 
£,'"j ( 
.._:;.~ 
~ 
75 
~(} 
' ' 
35 
COOLING CURVES 
I 
I S .r.MPEE! E - l 
4) 
Time: l roinute/10 small divisions 
,... 
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TABLE V - .3 
COOLJlin CURVES, SAMPLES E-3 - 5, inclusive 
Calibration: F. P. {°C) F. P. (Scale Units) 
Benzene 5·5 46.8 
Water o.o 51.8 
Carbon Tetrachloride -22.6 65.3 
Chloroform -6.3.5 88.9 
Sample E-3 E-4 E-5 
40.2 36.8 43-3 
Temperatures 45-3 41.2 48.1 (Scale Units) 52.2 47.2 54.1 
at 15 second 53.8 53.8 57.2 
intervals 54·7 56.2 58.6 
55.8 57.2 59-6 
56.8 58-4. 60.2 
59.6 
Freezing Point 
(Scale Units) 53-1 55·3 56.5 
Freezing Point 
(oC) 
-2.0 -5.6 
-7-7 
.;;,z5 
-• (.) 
0 
..._, 
~ p 
~ 
~ 
~ 
0 8 
CALIBRATION: CURVE 
SA!,1PLES E-3 to 5 
l 
I 
' I 100 
30 
35 
- .. 40 
COOLING CURVES 
SAMPLES E * 3, 4, & 5 
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TABLE V- 4 
COOLING CURVES, SAMPLES E-6 - 9, inclusive 
calibration F. P. (oc) F. P. (Scale Units) 
Benzene 5·5 47.2 
Water o.o 52.6 
Carbon Tetrachloride -22.6 66.0 
Sample E-6 E-7 E-8 E-9 
- -
41-8 53-2 45.8 44-8 
45.1 58.6 50.7 48.2 
rremperaturEEl 50. 7 62.3 55·3 50.3 [Scale Units) 55.8 63.3 59-3 55.0 
at 15 secolll59·9 64.7 62.9 58.8 
intervals 61.1 66.3 65.2 62.6 
62.2 67.9 66.1 65.2 
63.3 69.2 67.8 67.8 
64.5 69.1 68.9 
70.3 70.1 
'71·3 
Freezing Point 
(Scale Units) 60.0 62.2 64.6 67.0 
~eezing Point 
(°C) -12.3 -16.0 -20.,3 -24.2 
-o 
-
. 
0 
0 
.._, 
~ 
,_) 
8 
<( 
~ 
0 e·' ~ 
SCALE miiT S 
' i 
ts 
CJ~I]RATIQN OJRVE 
SA!t·1PLES E*6 to 9 
55 
COOUNG CURVES 
SA~PLES E * 6 to 9 
Time: 10 small div:ts.ians / minute 
\] 
,..-
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TABLE V - 5 
COOLING CURVES, SAMPLES E-10 - 12, inclusive 
Calibration: F. P. {°C) F. P. {Scale Units) 
Benzene 5·5 46·7 
Carbon Tetrachloride -22.6 65.1 
Chloroform 
-63.5 88.2 
Sample E-10 E-ll E-12 
- - -
51.1 53.8 55.1 
54.8 58.0 59-2 
58-3 61.1 62.5 
Temperatures 61.5 63.9 64.8 
(Scale Units) 64.1 66.2 67.5 
at 15 second 66.6 68.5 70.0 
intervals 68.5 70.8 72.2 
69.7 71·4 73.8 
70-5 72.6 74-0 
71./t 73.8 75.6 
72·3 74·9 
Freezing 
Point 
(Scale Units) 69.8 70.8 73·4 
Freezing 
Point 
(OC) 
-29.2 -32-7 -37·5 
---75 
,..... 
• 0 
0 
'-" 
l 
9o 7 
C~tiBRA~ION canv.g 
~~WLES 1t-l0 to 12· 
1 0 
\:, 
oootnm cunVEs 
SAM?LES E - 10, ll• & 12 
55 
. .Go 
65 en 0 
:,?..:-; 
1-1 
H 
< P,1 
p:l 
f1j 
70 ~ 
0 
g:J 
p. 
75 
Time: 10 small divisions / minute 
,..-
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T.ABLE V - 6 
COOLIID CIJRVES, SAMPLES E-13 and 14 
!-
Calibration F. P. (°C) F. P. (Seale Units) 
Benzene 5·5 49·'· 
Carbon Tetrachloride -22.6 66.1 
Chloroform 
-63-5 89.8 
S8IIl:ple E-13 !::.!! 
61.2 66.5 
63.8 68.3 
66.9 70.8 
Temperatures 69.8 73-2 
(Scale Unit s) 72.0 75-1 
at 15 second 74-1 76.8 
intervals 76.0 77.8 
78.0 79-0 
79.8 80.2 
80.2 81.8 
80.9 82.0 
81.8 82.9 
82.9 83.7 
84.2 
Freezing 
Point 
(Scale Units) 79-8 81.8 
Freezing 
Point 
(oc) 
-46-5 -50.0 
.0 
5 
0 
--~75 
-
. 
0 
0 
'--" 
§ 
,_:. 
~ 
r.ri 
P:l 
~-
-~ 
' 1 
' 5P 
iC~IllRATION . CURVE 
SAWLES . E~l} .& llt 
. -f 
70 
75 
80 
S5 
w 
~ 
H 
~-
< pq .. 
p:f 
f!J 
' f"'t-
~ 
--0 
t 
----,-----,.--- ,-·-r----r-~----,----------, .. -----------·-T·--··r 
' 
Time: 10 small divisions / minuie 
SOOLING CURVES 
aanples E - 13 & 14 
.-
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TABLE V- 7 
COOLINJ. CORVES, SAMPLES E-17 and 19 
-
Calibration: F. P. (°C} F •. P. (Scale Units} 
Water o.o 15-7 
Chloroform 
-63.5 53.1 
Toluene 
-92.0 69.9 
Ethyl Bromide 
-117.8 80.1 
SamPle E-17 E-19 
60.3 71·4 62.2 72.8 79·7 
61.4 72.0 62.8 73.2 80.0 
62.7 72-4 63.5 74-1 80.3 
63.9 72-9 64.2 74·9 80.9 
Temperatures 64-3 73·5 65.2 75.2 81.2 (Scale Units} 65.1 74.1 66.1 75.6 81.8 
at 15 second 66.0 74-8 67.0 76.0 81.9 
intervals 66.7 75.2 67.9 76.0 77-0 
67.3 68.9 76.6 74-8 
69.0 70.2 77.1 75·3 
69.8 70-9 77.8 76.2 
70.1 71-4 78.1 77·3 
70.3 72.1 78.8 
70.8 72.5 79.2 
FreeziDg Point 
(Scale Units} 
- 72-5 
Freezing Point (Oc) 
- -98.5 
Eutectic Temp. 
(Scale Units) 76.0 74.8 
Eutectic Temp. (oC} 
-107.3 -104-5 
-25 
- •100 
0 
,....... 
. 
0 
0 
........ 
,SCALF U!U-'fS 
' ;¢1 
CALIBRATION CURVE 
SALl>L'ES • ID>-17 & l$ 
>: 
i 
-~---~-··~--
(5 
_ _go Time: 10 small 
divisions / udnute 
--.-------,.------;------~-~------.-- .,. , _______ ....... , _________ ---------..-----~--------·-·r-------
COOLING CURVES 
S1~MPLES E • 19 :;ond 17 
,.-
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TABLE V - 8 
COOLIID CURVE, SAMPLE E-20 
-
calibration: F. P. (°C) F. P. {Seal a Units) 
Water o.o 17-3 
Chloroform. 
-63.5 55-1 
Toluene -92.0 n.o 
Ethyl Bromide -117.8 83.0 
Sample E-20 
-
58-4 75.0 83.1 78.2 
60.6 76.0 83-7 78.0 
62.3 77-0 84.0 77-8 
64.1 77-8 84-3 77-7 
Temperatures 65-9 78.3 84.8 77-9 (Scale Units) 67.2 78-9 84-9 77-7 
at 15 second 68.5 79.6 84.2 78.0 
intervals 69·5 80.0 84.0 78.7 
70.2 80.6 83.0 79-7 
71-1 81.2 82.2 81.0 
72-3 81.8 81.8 
73-0 82.2 80.2 
74-0 82.8 79-0 
Freezing Hint 
(Scale Units) 68.8 
Freezing Point (oC) 
-88.5 
Eutectic Temp. 
(Scale Units) 77-7 
Eutectic Temp. (oc) 
-107.6 
•100 
--
. 
0 
0 
-
SCALE UNITS 
C ALIP,R ~,TION CURVE 
S£1PLE E .. Z0 
'' 
.----:;;~--------~---------------------55; 
60 
so 
COOLH~G CLlRVES 
SA\1PT~S E * 20 
' 85 ________________ ,.,. __________________ _ 
Tirc.e: 10 small divisions I minute 
r---
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TABLE V - 9 
COOLIID CURVE_, SAMPLE E-21 
-
Calibration: F. P. (°C) F. P. {Scala Units) 
Water o.o 16.6 
Chloroform. 
-63.5 54.0 
Toluene -92.0 70.0 
Ethyl Bromide -117.8 80.8 
Sample ~ 
64.5 73·3 
65.3 75.8 
66.1 76.1 
67.0 76.0 
Temperatures 68.0 76.3 
(Scale Units) 69.0 77.0 
at 15 second 70.2 77·3 
interva1s '71.0 77-9 
72.0 78.2 
72.9 78.8 
73·3 79·4 
74.2 79·7 
75.0 79.9 
75·7 
Freezing Point 
(Scale Units) 75·3 
Freezing Point (Oc) 
-104.4' 
Eutectic Temp. 
(Scala Units) 76.0 
Eutectic Tamp. (oC) 
-106.0 
' 
-
. 
0 
0 
.......... 
$C:A.LE UNITS 
, CALIBRATION rrJRVE 
~ 
SAMPLE E - 21 
r-:Tr--r---,---~----. --r-------------· 
Titm: 10 small divi_.ons / minute 
COOLING etm'VE 
SN . PL'E E ... 21 
-
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T.ABLE V - 10 
COOLING CURVE, SAMPLE E-22 
-
Calibration: F. P. (°C) F. P. (Scale Units) 
Water o.o 16.2 
Chlrotorm 
-63-5 53.0 
Toluene -92.0 70.1 
Ethyl Bromide -117.8 80.2 
Sample E-22 
-
54-0 74.8 80.0 76.4 
56.8 75·4 80.2 '76·4 
58.9 76.0 80.4 76.4 
61.0 76.3 80.7 76.4 
Temperatures 62.4 76.7 80.8 76./+ 
(Scale Units) 63.9 77.2 80.7 76-4 
at 15 second 65.2 77·7 81.0 76.8 
intervals 66.3 78.1 81.2 77-0 
67.8 78.5 81.4 77.2 
69.0 78.8 81.5 77·9 
70.2 78.9 81.8 78.3 
'71·2 79-0 81.7 78.8 
72.1 79.0 78.2 79.2 
73.0 79·5 76.4 80.3 
74·0 79.8 76.4 
Freezing Point 
(Scale Units) 74.8 
F0eezing Point ( C) -103.5 
Eutectic Temp. 
(Seale Units) 76-4 
Eutectic Temp. 
(oC) 
-107.8 
--
. 
0 
0 
........ 
~ E-4 
<I: 
75 p:; ~ 
~ 
0 
¢AJ{rBRJITION CURVE 
Sk~lt .- 22 
i 
! 
S~:ALE > UN'I$- . 
;i; 15 
Time: 
10 small divisions 
per minute 
COOLING OURVE 
'SNV!PLE E - 22 
t+tt++ 
VI. EQ.UILIBRIOM DIAGRAMS OF THE SYS!'EMS 
Th>S observed data from the cooling curves of' the benzene-toluene system 
are summarized in Table VI-1. From these data, the equilibrium diagram at 
the system is plotted. The eutectic point of' the system is found at approxi-
mately S8.5% toluene, and the mean observed eutectic temperature is -107.3°0. 
No evidence of' appreciable solid solubility was found. 
In Table VI-2, the data from the cooling curves of' the benzene-ethylben-
zene system are summarized. The equilibrium diagram for this system is 
constructed from these data, and is presented following the table. The mean 
observed eutectic temperature is -107.2°0., and the eutectic composition is 
approximately 88.0% ethylbenzene. As in the case of' the benzene-toluene 
system, no evidence of appreciable solid solubility was found. 
Both systems are, therefore, simple eutectic systems. The two equili-
brium diagrams are plotted together on the graph following the equilibrium 
diagrams for the individual systems. The following comparisons between the 
two systems can be seen from this diagram: 
1. The eutectic points of' the two systems fall at very nearly the same 
temperature and compositions. 
2. Addition of' toluene to benzene causes initially a greater lowering 
of' freezing point for a given weight of' addend than does addition 
of an equal weight of' ethylbenzene. 
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As the latter fact was to have been expected because of the lower 
molecular weight of toluene as compared to ethylbenzene, it is of interest to 
construct the equilibrium diagrams of the systems on a mol percent basis, in 
order to ascertain what effects equimolal additions of toluene and ethylben-
zene have on the freezing point. The compositions of the mixtures used in 
this work are given in mol percent in Tables VI-1 and VI-2; and the equili-
brium diagrams of the two systems, with comp:>Sitions expressed as mol percent, 
s.re shown together in the diagram which follows. It will be seen that the 
differences between the two equilibrium diagrams have practically disappeared. 
The two diagrams are practically identical until less than 50 mol percent 
benzene; in this region the benzene-ethylbenzene freezing line is lower than 
that of the toluene-benzene system, and the benzene-toluene eutectic comes 
at a lower molal concentration of benzene than does the benzene-ethylbenzene 
eutectic. 
,-
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T.ABLE VI - 1 
COMPOSITIONS AND EQUILIBRIUM POINTS OF MIXTURES, BENZENE-TOLUENE SYSTJ!'M 
-
Percent Mol Freezing Eutectic 
Toluene Percent Po~nt Temp. 
sample by Weight Toluene ( C) (OC) 
!Benzene 
- - 5-5 -
T-22 4.82 4.08 4.2 
T-23 9176 8.32 -2.5 
T-25 15-57 13-5- -6.1 
T-26 19-76 17.2 
-9-5 
T-27 25.07 22.1 -11.2 
T-28 31-1:.3 28.1 -15-3 
T-29 35·24 31.6 -18.1 
T-30 38.61 35.0 -21.3 
T-31 43-96 39.8 -25.0 
T-32 50.58 46.6 -30.1 
T-33 54-75 50.6 -34·5 
T-34 58.07 53·9 -41.0 
T-35 63.89 59·9 -47.6 
T-36 69.62 65.8 -58.1 
T-37 73.52 70.0 -63.4 
T-38 78.09 75.2 -70.8 
T-45 80.31 78.6 - -107.7 
T-41 84.62 82.4 -90.5 
T-46 87.29 85-3 -104-5 -107.1 
T-42 91.11 89.8 -104.0 ·-107.2 
T-43 95-67 95.0 .. -94.0 
Toluene 100.00 100.00 -92.0 
I 
I 
:BENZENE SOLID 
+ LIQTJID 
EQPILIBRIUM DI .AGRAM 
TOLUENE ... BENZENE SYSTE!:.! 
LIQUID 
1 .100. 
-
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TABLE VI - 2 
COMPOSITIONS AND EQUILIBRIUM POINTS OF MIXTURES, BENZENE-ErHYLBENZENE SYSTnl£ 
- Percent Mol. Freezing Eutectic 
Ethylbenzene Percent Point Temp. 
Sample by weight Ethylbenzene (oc) (oc) 
Benzene 5·5 
E-1 5·.4-0 4·21. 4·0 
E-3 14.21 1.0.85 -2.0 
~-4 20.32 16.0 -5.6 
E-5 24.82 20.9 -7·7 
E-6 29.80 23.8 -12.3 
E-7 34-74 28.2 -16.0 
·-8 39·76 32.7 -20.3 
E-9 44.02 37.0 -24.2 
E-10 49.13 41..6 -29.2 
E-ll 54.21 46.4 -32.7 
E-12 59·99 52.3 -37·5 
E-13 65.62 58.4 -46-5 
E-14 69.00 62.0 -50.0 
E-20 82.73 78.0 -88.5 -107.6 
E-21 87.13 83.8 -104·4 -1.06.0 
E-22 89.86 86.7 -1.03.5 -1.07.8 
E-17 90.25 87.3 - -1.07.3 
E-19 94-38 92.5 -98.5 -104·5 
Ethy1b enzene 100.00 100.00 -92.8 
r 
EQUILIBR!Ul! · Dii!GRAM 
BENZF",.t;; ... 1tTin'TBE'J':':~ •'B fn.'ST":":;~ 
--50·· 
SOLID BENZENE LIQPID 
+. LIQUID 
SOLID BE!tZE.NE + l!W.i YLBEUZEJJT.E 
so. .leo 
.. 
CO~'i!lO~ITtO ~r: P1<mdE1::;; 
~ILBRIUM DIAGRAM$ 
:BENZEliE ~ lmfYL~TJ<j (X ) 
& :BEHZENE - TOLUENE ( + ) 
+ 
0 3 
PERCH~TT TOwmE OR ETt!YLBEtJZE"NE BY WEIGH' 
EQ:UILI13Rii.JM DI t>GRAHS 
:BENZENE "' ETif!T_J3ENZENE ( K ) 
& BEN'ZE!-!E - TOLUENE ( + ) 
X 
lO 20 30 
r.[)L PERCENT TI)LUENE OR ETEYL:BE?'!'lENE 
,..-
---------------------------------------------------------------------, 
RECOMMENDATIONS FOR FUTURE WORK 
I. Future investigations should be carried out to complement the present 
study of phase diagrams ot binary systems ot benzene and mono-substi-
tuted benzenes. 
II. The data trom this series of investigations should be correlated, to 
determine what relation, if any, exists between the shape of the 
equilibritml. diagram. and the nature of the substituent group. 
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